We analyzed the incidence, presenting features, risk factors of extramedullary (EM) relapse occurring in acute promyelocytic leukemia (APL) treated with all-trans retinoic acid (ATRA) and chemotherapy by using a competing-risk method. In total, 740/ 806 (92%) patients included in three multicenter trials (APL91, APL93 trials and PETHEMA 96) achieved CR, of whom 169 (23%) relapsed, including 10 EM relapses. Nine relapses involved the central nervous system (CNS) and one the skin, of which two were isolated EM relapse. In patients with EM disease, median WBC count was 26 950/mm 3 (7700-162 000). The 3-year cumulative incidence of EM disease at first relapse was 5.0%. Univariate analysis identified age o45 years (P ¼ 0.05), bcr3 PML-RARa isoform (P ¼ 0.0003) and high WBC counts (X10 000/ mm 3 ) (Po0.0001) as risk factors for EM relapse. In multivariate analysis, only high WBC count remained significant (P ¼ 0.001). Patients with EM relapse had a poorer outcome since median survival from EM relapse was 6.7 months as compared to 26.3 months for isolated BM relapse (P ¼ 0.04). In conclusion, EM relapse in APL occurs more frequently in patients with increased WBC counts (X10 000/mm 3 ) and carries a poor prognosis. Whether CNS prophylaxis should be systematically performed in patients with WBC X10 000/mm 3 at diagnosis remains to be established.
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Introduction
The combination of all-trans retinoic acid (ATRA) and anthracycline-based chemotherapy (CT) and maintenance treatment has improved the outcome of acute promyelocytic leukemia (APL), but relapse still occurs in 10-25% of the patients. [1] [2] [3] [4] [5] [6] [7] [8] Although very rare in APL in the past, [9] [10] [11] cases of extramedullary (EM) relapse have been increasingly reported in the last few years. [12] [13] [14] [15] [16] [17] [18] Those EM relapses largely predominate in the central nervous system (CNS) and the skin, followed by other sites (testes, sites of vascular access, external ear and auditory canal). [12] [13] [14] [15] [16] [17] [18] It has been suggested that EM relapse may be associated with initial adverse prognostic features (including high WBC counts, microgranular morphology and bcr3 isoform), 12, 15, 17 but risk factors for EM relapse have not been precisely defined. Because of its rarity, the outcome of patients with EM relapse remains undetermined and only one study reported that the outcome was similar to that of patients who experienced isolated BM relapse. 16 We studied the incidence, presenting features, risk factors and outcome of EM relapse occurring in APL patients initially treated with ATRA and CT in three multicenter trials with prolonged follow-up.
Patients and methods
Between 1991 and 1999, 806 patients were included in APL91 and APL93 trials (European APL group) 1, 5 and PETHEMA 96 trial (Spanish group) 4 and received ATRA combined to or followed by CT, consolidation with CT, with or without maintenance with low-dose 6 mercaptopurine (6MP) þ methotrexate (MTX), intermittent ATRA or both.
In APL91 trial, open from 1991 to 1992, patients were randomized for induction treatment between CT alone and ATRA followed by CT (ATRA-CT group). Only patients randomized to ATRA-CT (n ¼ 54) were included in the present study. In this ATRA-CT group, patients received ATRA 45 mg/ m 2 /day orally until CR or for a maximum of 90 days. After CR achievement, they received three courses of daunorubicin (DNR) and AraC, the last course with high-dose AraC (Figure 1 ). In APL93 trial (n ¼ 576), open between 1993 and 1998, patients aged 65 years or less with WBC o5000/ml were randomized between ATRA followed by CT (ATRA-CT group; as in APL91 trial) and ATRA þ CT (ATRA þ CT) with the same combination of ATRA and CT, but with CT started on day 3 of ATRA treatment. Patients with WBC45000/mm 3 at presentation received ATRA plus CT from day 1 (high WBC group) and patients 66-75 years of age were not randomized and received ATRA þ CT started on day 1 of ATRA treatment and the same schedule as in the ATRA-CT group (elderly group). Patients who achieved CR received two further DNR-AraC consolidation courses similar to those of APL91 trial (with the exception of the elderly group that only received one consolidation course). There was no maintenance treatment in APL91 trial. In APL93, there was a randomization for maintenance testing both intermittent ATRA and continuous CT with 6 mercaptopurine (6MP) and (MTX), both scheduled for 2 years.
In 2), and idarubicin 12 mg/m 2 i.v. on only 1 day (course no. 3). After completion of consolidation, patients who tested polymerase chain reaction (PCR)-negative for the PML/RARa hybrid gene were started on maintenance therapy (intermittent ATRA and continuous CT with 6MP and MTX). The main differences between the trials were that CT combined DNR and AraC (at 200 mg/m 2 during the two first CT courses, and 1 g/m 2 /12 h during third CT course) in APL91 and APL93, whereas CT was an anthracycline alone in PETHEMA 96 trial. None of the patients included in those trials received intrathecal (IT) CNS prophylaxis or cranial irradiation.
RT-PCR
Bone marrow molecular relapse was assessed by using a previously described 19, 20 nested RT-PCR technique for PML-RAR amplification, whose sensitivity ranges from 10 À5 to 10
À4
.
Statistical methods
The cumulative incidence of relapse with EM localization (measured from the date of hematological remission to that of diagnosis of relapse with EM involvement) was calculated according to the competing-risk method, where hematological relapses with no apparent EM involvement and deaths prior to relapse were considered as competing risks outcomes. 21 Comparisons of specific cumulative incidences across groups used the Gray test, 22 with multivariable analysis performed using the Fine and Gray model. 23 Finally, overall survival after relapse was estimated by the Kaplan-Meier method, and then compared between groups by the log-rank test. 24, 25 All tests were two-sided, with P-values of 0.05 or less denoting statistical significance. Analyses were performed using the SAS 8.2 (SAS, Inc., Cary, NC, USA) and Splus2000 (MathSoft, Inc., Seattle, WA, USA) software packages.
Results

Incidence and characteristics of EM relapses
Of the 806 patients included in APL91 and APL93 trials and PETHEMA 96 trial (Table 1) , 740 (92%) patients achieved CR, of whom 169 (23%) subsequently relapsed, including 10 EM relapses. Three additional EM relapse occurred in second (n ¼ 2) or third relapse (n ¼ 1). Subsequent analyses were only made on first relapses. Median follow-up was 70 months (Q1-Q3 ¼ 53-90).
EM relapse occurred after a median CR1 duration of 411 days (range 140-1488) as compared to 547 days (range 178-2936) for isolated BM relapse. Of the 10 EM relapses, nine involved the CNS, with meningeal signs or symptoms in all cases, and one was a cutaneous relapse both at a site of vascular access and at a site of trephine BM biopsy (Table 2) . Patients with EM relapse included six males and four females and their median age was 35 years (range 6-60). Their median WBC count at diagnosis was 26 950/mm 3 (range 7700-162 000) with eight patients having WBC X10 000/mm 3 , the last two patients also having relatively high WBC counts for APL (7700 and 8600/ mm 3 , respectively). Three patients had M3v. PML-RARa breakpoint was available in nine of the 10 patients: three had the bcr1 isoform and six the bcr3 isoform. Simultaneous BM involvement was documented in eight of the nine CNS relapses (89%), by morphology in seven cases, and RT-PCR only in one case. Only one (10%) patient with EM relapse had experienced retinoic acid (RA) syndrome. Extramedullary relapse in acute promyelocytic leukemia S de Botton et al
The cumulative incidence of EM disease at first relapse and of isolated BM relapse were 0.62 and 5.0% after one year, and 1.1 and 15.5% after 3-year, respectively (Figure 1a ).
Risk factors for EM relapse
Univariate analysis (Table 3) identified age less than 45 years (P ¼ 0.05) (Figure 2a) , the presence of the bcr3 PML-RARa isoform (P ¼ 0.0003) and high WBC counts (Po0.0001) (Figure 2b ) as risk factors for EM relapse after CR achievement. Occurrence of RA syndrome was not associated with an increased risk of EM relapse (P ¼ 0.69). As detailed knowledge of PML-RARa isoforms was available in only 332 cases, the variable bcr was excluded for multivariate analysis. Multivariate analysis only retained high WBC counts (P ¼ 0.0014) as associated with EM relapse (Table 3) .
Patients included in the PETHEMA protocol were characterized by younger age (P ¼ 0.006), higher incidence of the bcr3 PML-RARa isoform (P ¼ 0.001) as compared with patients included in the APL91 and APL93 trials (Table 1 ). Therefore, the higher incidence of CNS relapses we observed in the PETHEMA 96 protocol (26% of the relapses versus 3% in the APL91 and APL93 trials) could have been explained, at least in part, by the initial characteristics of those patients. Multivariate analysis indeed found no difference between the APL91 and APL93 trials and the PETHEMA 96 trial for the incidence of CNS relapse (P ¼ 0.73). On the other hand, PETHEMA patients had shorter follow-up than APL91 and APL93 trial patients, and therefore less time at risk of EMD.
In univariate analysis, risk factors for isolated BM relapse included male gender (P ¼ 0.0018), high WBC counts (Po0.0001), microgranular morphology (P ¼ 0.036) and the presence of the bcr3 PML-RARa isoform (P ¼ 0.023). In multivariate analysis, male gender (P ¼ 0.003) and high WBC counts (Po0.0001) remained independent predictors of isolated BM relapse.
Outcome of EM relapses
Treatment of CNS relapse included triple IT injections in all cases, followed by systemic salvage CT regimens (n ¼ 8, combined with ATRA, in five patients), and liposomal ATRA until CR followed by intensive consolidation therapy with highdose AraC (n ¼ 1). Systemic salvage CT regimens combined an anthracycline (mitoxantrone or idarubicine) with high or intermediate dose AraC and, in two cases, VP 16. One patient received CNS irradiation after CR2 achievement. The patient with skin relapse was treated with cutaneous irradiation without systemic CT, followed by maintenance therapy combining lowdose CT and intermittent ATRA. Three patients died during salvage treatment (one CNS bleeding and two severe sepsis) and the remaining seven patients achieved CR2. Two of the seven patients who achieved CR2 had early BM relapse but achieved CR3. Three patients subsequently underwent allogeneic stem cell transplantation (two in CR2; one in CR3) but two of them died from transplant related mortality, and one had just been transplanted. Three patients underwent autologous stem cell transplantation (two in CR2; one in CR3), of whom two had Extramedullary relapse in acute promyelocytic leukemia S de Botton et al early relapse and one was still in CR2. Overall, only three patients were still alive, in CR2, 5 þ , 38 þ and 52 þ months after first relapse (Table 1) . Median survival from EM relapse was 6.7 months as compared to 26.3 months for isolated BM relapse (P ¼ 0.04 by the log-rank test; Figure 1b ).
Discussion
This study shows that EM relapse largely predominate in the CNS, are almost always associated with BM relapse and carry a poorer prognosis, as compared with patients with isolated BM relapse. Those relapses are significantly associated with high WBC counts at diagnosis. Some authors have suggested an increase in the incidence of EM relapse since the introduction of ATRA in the treatment of APL, and have speculated about a possible role of this drug through modulation of APL blasts and endothelial cells adhesion molecules. 7, 8, 12, 17 However, more simple explanations can be considered. Indeed, the better outcome of APL patients treated with ATRA-based regimens have led to the emergence of leukemia from sanctuaries that otherwise did not have the opportunity to appear. This was why we analyzed the incidence of EM relapse using a competing risk method, which takes into account other events, such as hematological relapse and death prior to relapse, that can compete with the incidence of EMD. To our knowledge, this is the first study based on a large series of patients with APL, who were treated with ATRA-based regimens that analyzed the incidence of EM relapse using this suitable statistical method.
The 3-year cumulative incidence of EM relapse we observed (5% of the first relapses) is similar to that previously published, 8, 13, 16 which ranged from 5 to 12%. As in the GIMEMA experience, 16 CNS involvement greatly predominated. Of note is that the only skin relapse occurred at the site of BM aspiration and venous catheterism, as previously reported for some skin relapses. 15 Several reports found, in patients with EM relapse, 12,13,15-17 a high incidence of presenting features such as the microgranular M3 variant, the bcr3 PML-RARa isoform, both features being correlated to high WBC counts. [26] [27] [28] However, those presenting features may also be absent in case of ear involvement. 18 Finally, it has been suggested that occurrence of RA syndrome might be associated with an increased risk of EM relapse. 14 In our study, patients with EM relapse had significantly higher WBC counts at diagnosis, a higher incidence of bcr3 PML-RARa isoform but, also, were significantly younger than the other APL patients included in the study. A relationship between hyperleucocytosis and bcr3 isoform and younger age had been previously reported. 26, 29 Patients included in PETHEMA trial had a higher incidence of CNS relapses. However, they were significantly younger and had higher incidence of the bcr3 PMLRARa isoform than patients included in the APL91 and APL93 trials. Their higher incidence of EM relapse was not confirmed when other competing risk factors were taken into account. On the other hand, PETHEMA patients had shorter follow-up than APL91 and APL93 patients and therefore less time at risk of EM relapse. Those confounding factors make comparisons between PETHEMA and APL91 and APL93 trials for the incidence of EM relapse difficult to interpret.
We found no significant correlation between the occurrence of RA syndrome and subsequent EM relapse.
14 CD56 may be associated with a worse outcome in APL patients 30 and with an increased risk of CNS relapse in acute lymphoblastic leukemia, 31 but we could not assess the impact of this parameter on the risk of EM relapse due to the low number of patients studied immunophenotypically. Comparison of cumulative incidences of isolated medullary (BM) relapse according to patient subset. c As detailed knowledge of PML-RARa isoforms was available in only 332 cases, the variable bcr was excluded for multivariate analysis. Bold values represent P-values denoting statistical significance.
Extramedullary relapse in acute promyelocytic leukemia S de Botton et al EM relapse was associated with overt or molecular relapse in 80% of the cases. This is an incidence similar to that previously published. 16 Despite intensive systemic therapy in addition to intrathecal therapy, followed by allogeneic or autologous stem cell transplantation in most cases, patients with an EM relapse had a poorer outcome as compared with isolated BM relapse (P ¼ 0.04), contrary to the AIDA experience. 16 In conclusion, EM relapse occurred more frequently in younger patients, in patients with increased WBC counts (X10 000/mm 3 ) and bcr3 PML-RARa breakpoint. They largely predominated in the CNS, were often associated with marrow relapse and carried a poor prognosis. Whether CNS prophylaxis by intrathecal chemotherapy (and/or systemic high-dose AraC) should be systematically performed in patients with WBC X10 000/mm 3 at diagnosis remains to be established. Extramedullary relapse in acute promyelocytic leukemia S de Botton et al
